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BACKGROUND OF THE INVENTION 

10 1. Field of the Invention 

The present invention is in the field of semiconductor packaging. 
2. Description of the Related Art 

There are trends in semiconductor packaging towards packages that are 
highly functional, yet increasingly smaller in size so as to provide higher density in 
15 mounting. In keeping with these trends, semiconductor package 100 of FIG. 1 
includes a semiconductor chip 2 which has a plurality of input-output pads 2a on a 
top, active surface 2b thereof. An opposite bottom, inactive surface 2c of chip 2 is 
bonded to a metal chip mounting substrate 4 by an adhesive 14. 

Chip mounting substrate 4 has a top first side 4b bonded to chip 2 by 
20 adhesive 14, and an opposite second side 4c. Second side 4c includes an exposed 
bottom central surface 4d. Second side 4c of chip mounting substrate 4 has been 
partially etched around central surface 4d so as to form a recessed horizontal surface 
4a that fully surrounds and is vertically recessed from central surface 4c. 

A plurality of horizontal metal leads 6 are arranged radially adjacent to and 
25 in the horizontal plane of chip mounting substrate 4. Leads 6 extend horizontally 
from an inner end 6b that faces chip mounting substrate 4 to an opposite outer end 6c. 
Each lead includes an upper first side 6d and an opposite lower second side 6e. 
Lower second side 6e includes an exposed surface portion, denoted as land 6f, that 

1 
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functions as an input/output terminal of package 100. Between inner end 6b and land 
6f, lower second side 6e of each lead 6 includes a horizontal surface 6a that is 
vertically recessed from land 6f. Recessed surface 6a is formed by partially etching 
vertically through leads 6 from second side 6e. 
5 Input-output pads 2 a of semiconductor chip 2 and upper side 6d of leads 6a 

are electrically connected to each other by conductive wires 8. 

Semiconductor chip 2, conductive wires 8, chip mounting substrate 4, and 
leads 6 are covered by an encapsulant material that forms a package body 10. 
Recessed horizontal surface 4a of chip mounting substrate 4 and recessed horizontal 

10 surface 6a of leads 6 are covered by encapsulant material of package body 10. 
Central surface 4a of chip mounting substrate 4 and land 6f of each lead 6 are 
exposed at a lower horizontal surface 10a of package body 10. Package 100 is 
mounted by fusing lands 6f, and possibly central surface 4c, to a mother board. 

Semiconductor package 100 has several drawbacks, including a relatively 

1 5 large mounting height, due in part to the need to cover the apex of wires 8 with the 
encapsulant material. In addition, package 100 has a relatively large footprint, 
because a predetermined lateral space between the semiconductor chip and the leads 
is needed to accommodate the wire bonds. 

Further, semiconductor package 100 has limited avenues for heat dissipation. 

20 The primary path of heat dissipation is through exposed central surface 4d of chip 
mounting substrate 4. Heat is also transferred to leads 6 through conductive wires 8, 
but conductive wires 8 are too small to effectively transfer the heat. Further, 
semiconductor chip 2 is completely covered by the encapsulant material, thereby 
limiting heat dissipation. 

25 Semiconductor package 100 has a further disadvantage in that the input- 

output pads for the ground or power inputs of the semiconductor chip are connected 
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to the leads by conductive wires 8. Accordingly, those leads are unavailable to 
transfer signals for chip 2. 

Moreover, semiconductor package 100 requires a relatively large lead frame 
in order to accommodate the semiconductor chip's fine pitched input-output pads, 
5 thereby drastically degrading the mounting density on a mother board upon which 
package 1 00 is mounted. 

SUMMARY OF THE INVENTION 

The present invention provides semiconductor packages that can be made 

10 smaller than the conventional packages described above, so as to have a lesser 
mounting height and footprint, while providing increased functionality and reliability 
and improved thermal performance. 

As an example, one embodiment of a semiconductor package in accordance 
with the present invention includes a plurality of horizontal metal leads. Each lead 

15 has a first side, and an opposite second side having at least one horizontal first surface 
and at least one horizontal second surface recessed from the first surface. The 
package further includes a chip mounting substrate having a first side and an opposite 
second side. The second side of the chip mounting substrate has a horizontal central 
surface and a horizontal peripheral surface fully around and recessed from the central 

20 surface. A semiconductor chip is mounted in a flip chip style on the first side of chip 
mounting substrate and the first side of the leads such that input-output pads at a 
peripheral portion of an active surface of the chip, and optional central input-output 
pads at a central portion of the active surface, face and are electrically connected to 
the first side of a respective one of the leads and the first side of the chip mounting 

25 substrate, respectively. A package body formed of a hardened encapsulating material 
covers the semiconductor chip, the recessed peripheral surface of the second side of 
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the chip mounting substrate, and the recessed second surface of the second side of the 
leads. The central surface of the second side of the chip mounting substrate and the at 
least one first surface of the second side of the leads are exposed at a horizontal first 
exterior surface of the package body. 
5 Optionally, a plurality of insulative layers may be provided, with each 

insulative layer being applied on the first side of the one of the leads or the first side 
of the chip mounting substrate. The electrical connections of the chip to the lead or 
the chip mounting substrate may be made through an opening in the respective 
insulative layer. 

10 In addition, a surface of the semiconductor chip may be exposed through the 

package body, further increasing heat dissipation. 

These and other aspects and features of the present invention will be better 
understood upon a reading of the following description of the exemplary 
embodiments and the drawings thereof. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a cross-sectional side view of a conventional semiconductor 

package. 

FIG 2a and FIG 2b are cross-sectional side views of a semiconductor 
20 package according to a first embodiment of the present invention. 

FIG. 3a and FIG 3b are cross-sectional side views of a semiconductor 
package according to a second embodiment of the present invention. 

FIG 4a and FIG 4b are cross-sectional side views of a semiconductor 
package according to a third embodiment of the present invention. 
25 FIG 5 is a top plan view of a portion of an embodiment of a leadframe for 

the packages of FIGs. 2a, 2b, 3a, 3b, 4a and 4b. 
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In the drawings, the same reference numbers are used for common features 
across the various drawings. 

DETAILED DESCRIPTION 

5 Various exemplary embodiments of the present invention will be described 

herein below with reference to the accompanying drawings, hi the following 
description, well-known functions or constructions are not described in detail since to 
do so would obscure the invention in unnecessary detail. 

FIGs. 2a and 2b show a semiconductor package 101 according to a first 
10 embodiment of the present invention. Semiconductor package 101 includes many of 
the same features as package 100 of FIG 1. Hence, our discussion focuses on 
differences between this embodiment (and those that follow) and the conventional 
package of FIG 1. 

Semiconductor package 101 includes a semiconductor chip 2, which has a 
15 plurality of peripheral input-output pads 2a along edges of active surface 2b. First 
side 4b of chip mounting substrate 4 is attached by an adhesive 14 to an open central 
portion of active surface 2b of chip 2 fully inside of peripheral input/output pads 2a. 
A plurality of leads 6 are placed about the peripheral line of chip mounting substrate 
4, each spaced a selected lateral distance from the chip mounting substrate 4. In an 
20 alternative embodiment, chip mounting substrate 4 is omitted. 

Chip mounting substrate 4 of FIG. 2a includes a recessed horizontal surface 
4a that folly surrounds central surface 4d of bottom side 4c of chip mounting 
substrate 4. Lower second side 6e of each lead 6 includes a single recessed horizontal 
surface 6a that begins at inner end 6b of each lead 6 and extends only part of a 
25 distance toward outer second end 6c, thereby defining a land 6f at the lower side 6e of 
each lead 6. 

5 
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Package 101 of FIG. 2b is similar to package 101 of FIG. 2a, except that the 
lower side 6e of each lead 24 includes at least two, laterally-spaced apart, recessed 
horizontal surfaces 6a, thereby defining two exposed lands 6f at lower side 6e of 
each lead 6. The exposed lands 6f are collectively arrayed in rows and columns at 
5 lower exterior surface 10a of package 101. 

In FIGs. 2a and 2b, chip 2 is flipped relative to chip 2 of FIG. 1 such that 
active surface 2 a of chip 2 faces chip mounting substrate 4 and leads 6. A heat 
conductive adhesive 14 is interposed between upper first surface 4b of chip 
mounting substrate 4 and active surface 2b of semiconductor chip 2, and thereby 
10 bonds semiconductor chip 2 to chip mounting substrate 4. The adhesive 14 is 
thermally conductive and electrically non-conductive, and transfers the heat of the 
semiconductor chip 2 to chip mounting substrate 4. 

The peripheral input-output pads 2a of semiconductor chip 2 each face the 
upper side 6d of one of the leads 6 of package 101, and are electrically connected 
1 5 thereto by a conductive connecting means 8, such as a reflowed metal ball, e.g., of 
gold or solder, or an anisotropic conductive film, in a flip-chip style connection. 

In the event that metal balls are used as the conductive connecting means 8, 
regions of upper side 6d around the area of connection with the respective 
conductive connecting means 8 may be coated with an optional insulating layer 16 
20 of a prescribed thickness, hisulative layer 1 6 may be, for instance, a layer of solder 
mask, cover coat, or polyimide. Such an embodiment is described further below 
with respect to FIG 5. With such an insulating layer, the respective conductive 
connecting means 8 is prevented from spreading outwardly during the reflow step, 
resulting in an easy fusing process. 
25 In package 101 of FIGS. 2a and 2b, since the semiconductor chip 2 and the 

leads 6 are electrically and thermally connected with each other by the conductive 
6 
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connecting means 8, heat passes from chip 2 into the leads 6 through the 
conductive connecting means 8, and may be transferred to the air or to a mother 
board from the leads 6. 

As mentioned, an anisotropic conductive film may be employed as the 
5 conductive connecting means 8, in place of a metal ball. Each anisotropic conductive 
film comprises an amalgamation of a conventional bonding film and conductive 
metal grains. A thickness of the bonding film is about 50 urn, and a diameter of each 
conductive metal grain is about 5 um. A surface of the conductive metal grain is 
coated with a thin polymer layer. If heat or pressure is applied to a predetermined 
10 region of the anisotropic conductive film, the thin polymer layers of the conductive 
metal grains in the predetermined region are melted so that adjacent metal grains 
become connected, thereby providing electrical conductivity. The thin polymer layer 
of the remaining conductive metal grains, i.e., those not included in the predetermined 
region, are maintained in an insulated status. Therefore, a position setting operation 
15 between two component elements to be electrically connected can be implemented in 
an easy manner. 

In a case where gold balls or solder balls (or other metal balls) are used as 
the conductive connection means 8, after the gold balls or solder balls are fused to 
predetermined regions of the semiconductor chip or the leads, a reflow process must 

20 be performed after a position setting operation in order to make an electrical 
connection. On the other hand, where the anisotropic conductive films are used as the 
conductive connection means 8, after the anisotropic conductive films are applied 
over relatively wide areas of the semiconductor chip or the leads, and the 
semiconductor chip and the leads are properly positioned with respect to each other, 

25 then the semiconductor chip and the leads can be electrically connected with each 
other by simply exerting a heating and/or pressing force of a desired level. 
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Accordingly, while it is illustrated in FIGs. 2a and 2b and the other drawings 
that metal balls are used as the conductive connection means 8, practitioners should 
understand that the metal balls can be replaced with anisotropic conductive films in 
all of the embodiments herein. 
5 Using a flip chip style connection for electrically connecting semiconductor 

chip 2 to the superimposed upper surface 6d of leads 6 through a conductive 
connection means 8 eliminates the need for conductive wires, as in FIG. 1, thereby 
eliminating the need for package body 10 to cover the apex of the wire loops, and 
subsequently reducing the height of the semiconductor package. 
10 Package body 10 of FIGs. 2a and 2b is formed by encapsulating the 

semiconductor chip 2, conductive connecting means 8, chip mounting substrate 4, 
optional insulating layer 16, and the leads 6 in an insulative encapsulating material. 
Package body 10 may be formed by molding and curing a resin material. The 
encapsulation is performed so that central surface 4d of lower side 4c of chip 
15 mounting substrate 4 and each land 6f of the leads 6 are exposed in the horizontal 
plane of exterior surface 10a of package body 10. On the other hand, recessed 
horizontal surfaces 4a and 6a are underfilled so as to be covered with the 
encapsulating material of package body 10, thereby improving the connection of 
chip mounting substrate 4 and leads 6 to package body 10 and preventing chip 
20 mounting substrate 4 and leads 6 from being vertically or horizontally from 
package body 10. 

Semiconductor package 101 of FIG. 2a may be mounted on mother board by 
fusing solder between the land 6f of each lead 6 and metal terminals of the mother 
board. In the alternative embodiment of FIG. 2b, semiconductor package 101 may 
25 be mounted on the mother board after pre-fusing solder balls or other conductive 
balls 12 on exposed lands 6f. In such a configuration, a conductive paste or 
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plurality of conductive balls may be provided on exposed central surface 4d of 
lower second side 4c of chip mounting substrate 4. 

FIG. 3 a and FIG. 3b show a semiconductor package 102 according a second 
embodiment of the present invention, which differs only slightly from 
5 semiconductor package 101 of FIGs. 2a and 2b. Accordingly, our discussion will 
focus on the differences between the packages. 

In FIGs. 3 a and 3b, semiconductor chip 2 includes a plurality of peripheral 
bond pads 2a along the edges of active surface 2b, and in addition includes at least 
one or a plurality of central bond pads 2a at a central portion of active surface 2a 
10 inward of the peripheral bond pads 2a. The central input-output pads 2a of chip 2 
each face a portion of upper first side 4b of chip mounting substrate 4, and may be 
used for ground/power inputs to chip 2. The central input-output pads 2a are each 
electrically connected in a flip-chip style to the upper first side 4b of chip mounting 
substrate 4 by a conductive connecting means 8. First side 4b of chip mounting 
1 5 substrate 4 may be coated with an insulating layer 1 6 through which the conductive 
connecting means 8 extends, especially where means 8 is a metal ball, so that an 
electrical connection can be easily achieved. As described above, anisotropic films 
also can be used as the conductive connecting means 8 in package 102. 

As stated above, since the input-output pads 2a for ground/power input are 
20 electrically connected in a flip-chip connection to the chip mounting substrate 4, 
more leads 6 of package 102 are available to carry signals to and from chip 2 
without increasing the footprint of the package. 

As with package 101, a conductive paste or a plurality of conductive balls 
may be provided on the exposed central surface 4d of lower side 4c of chip 
25 mounting substrate 4 of package 102 to improve heat transfer to the mother board. 

FIGs. 4a and 4b show a semiconductor package 103 according to a third 
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embodiment of the present invention. Package 103 of FIGs. 4a and 4b is the same 
as package 102 of FIGs. 3a and 3b, except that inactive surface 2c of 
semiconductor chip 2 is exposed to the outside in the horizontal plane of upper 
exterior surface 10b of package body 10. Thus, heat generated in semiconductor 
5 chip 2 can be rapidly emitted to the outside through exposed inactive surface 2c, 
thereby enhancing the thermal performance of the package. 

FIG. 5 is a plan view of a central portion of a leadframe 18 that may be used 
to make exemplary semiconductor packages 101, 102, and 103, typically where 
conductive connection means 8 is a metal ball. Leadframe 18 includes a chip 

10 mounting substrate 4, on which semiconductor chip 2 is to be mounted, and tie bars 
20 that extend diagonally from respective corners of chip mounting substrate 4. 
Leads 6 are radially formed about the peripheral line of the chip mounting substrate 
4. Practitioners will appreciate that the leads 6 typically will be provided adjacent 
to two or all four sides of chip mounting substrate 4. 

15 Upper surface 4b of chip mounting substrate 4 is coated with an insulating 

layer 16. A plurality of openings 16a are formed through insulating layer 16 to 
expose portions of upper surface 4b of chip mounting substrate 4. A portion of 
upper first side 6d of each of the respective leads 6 is also coated with an insulating 
layer 16 beginning at inner end 66. An opening 16a exposes a portion of the upper 

20 side 6d of the respective lead 6. It is desirable that openings 16a are roughly 
formed in a flat and circular shape and are about the same diameter as the 
conductive connecting mean 8 (see FIG 2a). The portions of upper surface 4b of 
chip mounting substrate 4 and upper first side 6d of leads 6 that are exposed 
through the openings 16a may be plated with gold (Au), silver (Ag), nickel (Ni), or 

25 palladium (Pd) for the purpose of facilitating a good bond with the conductive 
connecting means 8. 
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Conductive connecting means 8 are provided through the openings 16a, so 
that bond pads 2a of the semiconductor chip 2 can be electrically connected to 
leads 6, and in FIGs. 3a, 3b, 4a, and 4b to chip mounting substrate 4, in a flip-chip 
style. The conductive connecting means 8 extend through the respective opening 
5 16a. Since the conductive connecting means 8 temporarily exists in a viscious state 

when connecting the semiconductor chip 2 and the chip mounting substrate 4 or the 
leads 6, the openings 16a act as a well protect the conductive connecting means in 
liquid form (e.g., refiowed metal) from being leaked to the outside. 

Therefore, the semiconductor packages described herein eliminate the 
10 conductive wires of FIG 1 by connecting the semiconductor chip and the leads in a 
flip-chip electrical connection through a conductive connecting means. 
Accordingly, the package is thinner and has a lower mounting height than package 
100 of FIG 1. 

The semiconductor packages described herein can have another advantage of 
15 allowing a larger-sized semiconductor chip to be mounted on the same sized 
leadframe as in the prior art by obviating the need to design in space for 
conventional wire bonding. 

The semiconductor packages described herein can have a further advantage 
of achieving enhancement in heat radiation by extending the effective heat 
20 radiation passageways to include the leads. In some embodiments, further 
enhancement in heat radiation is achieved by directly exposing the inactive surface 
of the semiconductor chip to the outside through the package body. 

The semiconductor packages described herein can have still another 
advantage of securing the maximum number of leads for signal transfer by 
25 electrically connecting input-output pads of the chip to the chip mounting substrate 
by means of a conductive connecting means. The input-ouput pads so connected 
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may be used as ground or power inputs. 

The semiconductor packages described herein can have yet another 
advantage of protecting the conductive connecting means from being leaked to the 
outside and ensuring easy bonding when fusing the conductive connecting means 
5 to the chip mounting substrate or the leads by providing a layer of an insulating 
material between the active surface of the chip and either the chip mounting 
substrate or the leads, and having the respective conductive connecting means 
extend through an opening in the respective insulating layer. 

While the invention has been shown and described with reference to certain 
10 embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit 
and scope of the invention as defined by the appended claims. 
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